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(57) Abstract 

Disclosed hcrcm U a golf ball (!0, 20. 
30) comprising fa«*<^ieinicaMcactkjr>-produccd 
compt>nciiL sucl; as a component which comprises » 
naaction injeciioc molded polyureUmne mattcnal. A 
process of maWn^ a golf ball (10. 20, 30) by forming 
at least one core (12, 22, 32) and/or cover (14. 24. 
//-C, 36) component of the ball by mixing, rwo or more 
r^actanrs that icaa and form a n:acUon pixxloct with a 
Ilex modulus of 5-310 kp^i in a reaction time of about 
^ minxucs or less, the component having a thickness 
of at least 0.01 inchc? and a deniold time of 10 mxmites 
<,»r Iftst i? disclosed. In one piefened form of the 
^ invention. c-xcc$s polyurethane from forming golf b»lJ 
I covers (M. 24. 34, 36) is recycled by using it to farm 
i goir hall .^iMM (12. 22, 32). 
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GOLF BALL WmCH INCLUDES 
FAST-CHElvaCAL-REACnON-PRODUCED 
COMPONENT AJSTD METHOD OF MAKING SAME 
Field and Background of the Invention 
5 The invcnrion relates generally to golf balls, and more particiilarly to golf 

bails which contain a fast-chcmicaJ-rcaction-produccd ocroponent, such £S a 
core and/or cover layer. 

Golf balls comprise, in general, three types. The first type is a muld-piece 
wound ball wherdbo. a vulcamzed rubber thread is woxind under tension around a 
IQ solid or semi«soUd core, and dxcieafter enclosed in a single or multi-'layer 
covering of a tough, protective maieriaL A second type of a golf ball is a 
one-piece ball formed from a solid mass of resilient material which has been 
cured to develop the necessary degree of hardness to provide utility. One-piece 
molded balls do not have a second enclosing cover. A third type of ball is a 
15 multi-piece non-wound haJl v^jhich includes a liquid, gel or solid core of one or 
more layers and a cover having one or more layecs formed over the core. 

Conventional golf ball covers have been made of ionomcr, balata> and 
slow-reacting, tbcrmoset polyxirethanc. "When polyurcthane covers are made by 
conventional methods, such tis by casdng, a substantial amount of time and 
20 energy arc required, &us resulting in relatively higjh co st . 

It would be useful to develop a golf ball oomadning a fest-chemical- 
Tcactiwproduced cox3;]3Kynent, such as at least one core or cover layer, 
particularly one which contains polyurethanjc, polyurea, cpoxy and/or 
unsaturated polyester. 
25 Summary of the Invention 

An object of the invention is to produce a golf ball having a pol3n3rethane 
cover which is formed by a fest chemical reactiozu 

- Another object -of the invention is to provide a non-.ionomeric golf ball 
cover which is efiBcientiy produced by injection molding. 

-) 
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Yet another object of ihe invention is to provide a golf ball which contains 
polyurethane. 

A further object of the invention is to provide a golf ball in v^ch material 
from recycling polyurethane can be used to result in an cfScieni manxifecturing 
5 process* 

A further object of the invention is to produce a durable golf ball 
containing polyurethane, polyurca, epoxy, and/or msaturaied polyesters. 

Another otgea of the invcnUou is to provide a golf ball with a -seamless- 
cover layer, i.e., a cover layer having generally die same microscopic and 
10 molecular smicture distribution both in the regions adjacent to the paring line 
of the mold and at locations vAicii are not adjacent to the patting line, including 
near the poles. 

Yet another object of the invention is to provide a mediod of making a 
golf ball of Ac type described above. 
15 Other objects of the invention will become apparent from the 

specificaxiont drawings and ciaizns. 

A pr e fe rred form of the invention is a metiiod of Tnatring a multi-piece 
golf ball comprising t"^^^e at least one of a cover component and a core 
compcMaent of the ball by mixinfe two more matfTial!^ Hxai J«act to form a 
20 reaction pxoduct with a flex modulus of 5 - 310 kpsi in a reaction time of about 
5 mtTM^fi^ or less, ibc component having a thickness of at least 0.01 inches and a 
demold time of 10 minutes or less including the reaction time. 

The compcsitian preferably comprises at least one member selected finom 
the gtoup consisting of polyuxethanes« polyureas, ^x>xies and imsaturated 
2S polyesters- The reaction product preferably is formed by reactxc;^ ixijection 
molditig. The component preferably has a thickness of at least 0.02 inches. 

Another preferred form of the invention is a mtdti-^iece golf ball 
comprising a reaction injection molded material comprising 
polyurethane/polyurea. Tne golf ball cover preferably has a Shore D hardness 
30 in the range of 20 - 95, more preferably 30 - 75, and a flex modulus in the range 
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of 5 - 310 Icpsi, and more prtferably 5 - 100 kpsi and even more prefeisbly 10 - 
80 kpsi. Preferably, at least 5% of the polyurethanc/polyurea is formed .from ■ 
.molecules obtained by recycling a material comprising at least one of 
poiyurethaae, polyiirea, polyester and polyethylene glycol. 
5 Yet another preferred form of the invention is a process for producing a 

golf ball including the step of reaction injection molding a 
polyurethane/polyurea material to form at least one of a core layer and a cover 
layer of the ball, 

A fiirtfaer preferred form of the invention is a process for producing a golf 
10 ball comprising the steps of (a) reaction injecrion molding a 
polyurethane/polyurea component of the ball, and (b) recycling some of the 
polyurethanc and/or polyurea that is produced in connection with step (a) but 
that is not incorporated in the golf ball in step (a). The polyurethane/polyurea 
preferably, but not necessarily, is recycled by glycolysis. 
15 Yet another prefened fonn of the invention is a process for producing a 

golf ball comprising (a) forming a core, (b) covering the core, and (c) coating 
and indicia to the covered ball, ^^vhcrein at least one of steps (a) and (b) 

comprises reaction injection moldmg of a polyurcthane and/or polyurea 
matsnsl. 

OQ The golf ball of the invention can inchide, in the cover, optical 

brighteners. vAite pigment, XJV stabilizers* antioxidaats. etc. The cover and/or 
core may fiirther inchide fillets such as TiO„ glass, metal, and o&er fillers 
<iescribed below. 

Yet another preferred form of the mvmtion is a golf baU having a cover 
25 comprising a blend of polyuretbane and ionomct, wherein the ionomer is a 
partially cation neutraiized drganic «cid polymer, preferably alpha, beta 
unsaturated caiboxylic acid with 3 or more carbon atoms. The ionomer may be 
a polyurcthane ionomer. 
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A further preferred form of the invention is a golf baJl comprising at least 
one fast-chcmical-reaction-produccd layer, said layer having a flex modulus, of 5 
-r 300 kpsi in a reaction time of 5 minutes or less and a thickness of at least 
0.01", 

5 Yet another preferred form of the invention is a golf ball having a core 

and a cover, the cover comprising polyurethane/poiyxirea which is formed from 
reactants. 5-100 weight percent of which are obtained firom recycled 
polyurethane. 

Brief DescTiptioD of the Drawings 
IQ Fig. 1 is a first cmbodim^t of a golf ball formed according to a reaction 

injection molded (RINf) process according to the invention- 
Fig* 2 is a second embodiment of a golf ball formed according to a 
reaction injecdon molded (RIM) process according to the invention. 

Fig, 3 is a third embodiment of a golf ball formed according to a reaction 
15 injecdon molded (RIM) process according to the invention. 

Fig. 4 is a process flow diagc^tm which sch emati cally d^icts a rcacdon 
ii^ection molding process according to the invention. 

Fig. 5 schematically shows a mold for reaction injection molding a golf 
ball cover according to the invention. 
20 Detailed Description of the Invention 

The present invention is a golf ball in which at least one cover or core 
layer is a &st-<^emical-reaction-produced contponcnt. This oon^x3ncnt 
comprises at least one material selected from the group consisting of 
poiytiretfaane, polyurea, polyuretfaane ionomer^ epoxy» and unsaturated 
25 i>olyesters» and preferably comprises polyurethane. The invention also includes 
a method of producing a golf ball which contains a 
fast-cbemical-rcaction-produccd component. A golf ball formed according to 
the invention preferably has a flex modulus in the range of 5 - 3 10 kpsi, a Shore 
D hardness in the range of 20 - 90, and good durability. Particulariy preferred 
3 0 forms of the invention also provide for a golf ball with a 
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fasi-chemical-reaction-produccd cover having good scufif resistance and cut 
resistance. As used herein, "]X)iyureth2ne and/or polyurca" is expressed as 
, "f>olyurcthane/poiyurea'', 

A parricuiarly preferred form of the invention is a golf ball with a cover 
5 comprising polyurethanc, the cover including 5-100 weight percent of 
polyurethane fonned firom recycled polyurethane. 

The mediod of the invention is particularly usefiii in forming golf balls 
because it can be practiced at relatively low temperanires and pressures. The 
preferred temperature range for the method of the invendon is 120 - 180°F 
1 0 when the component being produced contains polyurethane. Preferred pressures 
for practicing the invention using polyurethane-containing materials are 200 psi 
or less and more preferably 100 psi or less. The method of tijc present invention 
oflters ninncrous advantages over conventionsl slow-reactive process 
compression molding of ^golf ball covers. The method of Ac present invention 
15 results in molded covers in a demold time of 10 minutes or less. An excellent 
finish can be produced on die ball. 

The method of fee invention also is particularly effective when recycled 
polyurethane or other polymer resin, or materials derived by recycling 
polyurethane or other polymer resin, is xncorpc^Hted into the product. 
20 As indicated above, the fest-rfiemical-reaction-produced component can 

be one or more cover and/or core layers of the ball. When a polyurethane cover 
is formed acccrdzng to the inventton, and is then covered with a polyurethane 
top coat, excellent adhesion caxi be obtained. The adhesion in ibis case; is better 
tlian adhesion of a polyurediane coating to an ionomeric cover. This improved 
25 adhesion can result in the use of a thinner top coal, the elimination of a primer 
coat, and the use of a greater variety of golf ball p rintin g inks beneath the top 
coat. These include but are not limited to typical ixiks such as one component 
polyurethane inks and two component polytcrethane inks. 

The preferred method of forming a £ast-chemical -reaction-produced 
30 component for a golf ball according to the invention is by reaction injection 
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molding (RIM). RIM is a process by which highly reactive liquids arc injected 
into a closed moid, mixed usually by impingement and/or mechanical mixing in ' 
an in-line device such as a "peanut mixer", where they polymerize primarily in 
the mold to form a coherent, one-piece molded article. The RIM processes 
5 iisuaily involve a mpid reaction between one or more reactive components such 
as polycthcr - or polyester - polyol, polyamine, or other material with an active 
hydrogen, and one or more isocyaoate - containing constituents, often in the 
presence of a catalyst. The constituents are stored in separate tanV^ prior to 
molding and may be first mixed in a mix head upstre am of a moid and then 

1 0 injected into the mold. The liquid streams are metered in the desired weight to 
wei^t ratio and fed into an impingement mix head, with mixing occxirring 
vmder hi^ pressure, eg,, 1500 - 3000 psL The liquid streams impinge xioon 
each other in the mixing chamber of the mix head and the mixture is injected 
into the mold. One of the liquid streams typically contain 5; a catalyst for tiie 

15 reaction. The consdtuffits react rapidly after mixing to gel and form 
poiyuretiiane polymers. Polyureas, epoxies, and various unsaturated polyesters 
aiso can be molded by RIM, 

RIM differs from noti-reaction injection molding in a number of ways. 
The main distXQcdon is diat in RIM a chemical reaction takes place in the mold 

20 to tramJuun a monomer or addiicts to polymers and the components are in 
liquid foixDu Thus, a RIM mold need not be made to withstand die pressures 
w^ch occur in a conventional injection molding. In contrast, injecdon molding 
is conducted at fai^ molding pressures in the mold cavity by melting a solid 
resin and conveying it into a mold, with 'die molten resin often being at about 

25 150 - 350**C. At this elevated temperature, the viscosity of the molten resin 
usually is in the rsnge of 50,000 - 1,000,000 cendpoise, and i^ typically around 
200,000 centtpoise. In an injection molding process, the solidification of ttie 
resins occurs after about 10 - 90 seconds, depending upcni the size of the molded 
product, the tem^jcrature and heat transfer conditions^ and the hardness of the 

30 injection molded material. Siibsequently, the molded product is removed jfrom 
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the mold. There is no significant chemical reaction taking piace in an injection 
molding process when the thcnxiopiastic resin is introduced into the mold_ In * 
^ contrast, in a RJM process, the chemical reaction typically takes place in less 
than about two minutes, preferably in under one minute, and in many cases in 
5 about 30 seconds or less. 

If plastic products are produced by combining components that are 
performed to some extent, subsequent failure can occur at a location on the 
cover whiiA is along the seam or parting line of the mold* Failure can occur at 
this location because this inter&cial region is intrinsically different firom the 

10 remainder of the cover layer and can be weaker or more stressed. The present 
invention is believed to provide for ina^iroved durability of a golf ball cover 
layer by providing a uniform or "seamless*' cover in which the properties of the 
cover material in the region along the parting line are generally tiie same as the 
properties of the cover material at other locations on the cover, including at the 

15 poles. The improvement in durabxiity ifi believed to be a result of the fact fHat 
the reaction mixture is distributed unifbonly into a closed mold. This imiform 
distribution of the injected materials dizninates knit-lines and other molding 
deficiencies wiizch can be caused by tezc^^erature diSeien ce and/or reaction 
di£rerence in the iryected materials.. The process of die invention results in 

20 generally uniform molecular stntctiTre» density and stress distribution as 
compared to conventional injection-molding processes. 

The &st-chenucal«reactioDr-prodxK^ component has a flex modulus of 5 - 
310 kpsi» more preferably 5 - 100 kpsi, and most preferably 5-50 kpa. The 
subject component can be a cover with a flex modulus which is higher than tiiat 
5 of the ceatermost coDOponent of the cores, as in a liquid center core and some 
solid center cores. Furthermore, the fast-chemical-reaction-prDduced 
component can be a cover with a flex modulus that is hi^er tVtni^ fijat of the 
immediateiy underiying layer, as in the case of a wound core. The core can be 
one piece or multi -layer, each layer can be either foamed or unfoamed, and 
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density adjustrng fillers, including metals, can be used. The cover of the ball 
can be harder or softer than any particular core layer. 

The fast-chemical-reaction-produced component can incorporate suitable 
additives and/or fillers. When the component is an outer cover layer, pigments 
5 or dyes, accelerators and UV stabilizers can be adde± Examples of suitable 
optical bri^tencrs vsliich probably can be used include Uvitex and Eastobrite 
OB-1. An example of a suitable ^te pigment is titanimn dioxide. Examples 
of suitable and UV light stabilizers are provided in commonly assigned U.S. 
Patent No. 5,494,291. FiUers wbich can be incorporated into the 
10 fast-chcmical-reacticH3-produeed cover or core component include those Usted 
below in the definitions section. Furthsnnore. compatible polymeric materials 
can be added. For example, when the component comprises polyurethanc 
and/or polyuria, such polymeric materials include polyurcthane ionomcrs. 
polyamides, etc. 

15 A golf bail core layer fonned from a fest-<diemical-reacniorHproduced 

material ^ccordiag to the presttit mvention typicaDy contains 0-20 weight 
percent of such filler material, and mare preferably 1-15 weight percent. 
When the fast-ehetmcal-reaction-produced compofnent is a core, the additives 
typically are selected to control the density* hardness and/or COIL 

-0 ^ S^^ ^ iimer cover layer fonned from a 

fa5t-ciemicalTeac£ion-.prt>duced material according to the present invention 
typically contains 0 - 60 wei^t percait of filler material, mote preferably 1 - 30 
wei^t percent, and most preferably 1-20 wci^ percent, 

A golf ball outer cover layer formed from a 

25 fa^t-chemical-reaction-produced material accordiiig to the present invention 
typicany contains 0 - 20 weigbt pcnxm of filler material, more preferably 1 • 10 
weight percent, and most preferably 1-5 wei^ percent. 

Catalysts can be added to the RIM polyurethanc system starting materials 
as long as the catalysts generally do not react with the constimcnt with which 
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they are combined. Suitable catalysts include those vmich are known to be 
useful with polyurethanes and pol2Aire«is. 

The reaction mixture viscosiry should be sufficiently low to ensure that 
the empty space in the mold is completely filled. Tine reactant materials 
5 generally are preheated to 100 - ISO^'F before they are rmxed. In most cases it is 
necessary to preheat the moid to, e.g., 100 - 120*^F, to ensure proper injccrion 
viscosity. 

As indicated above, one or more cover layers of a golf ball can be formed 
from a fast-chcmical-reaction-produced material according to the present 
10 invention- 
Referring now to the drawings, and first to Fig. I, a golf ball having a 
cover comprising a RIM polyur^Uiane is shown. The golf ball 10 includes a 
polybutadiene core 12 and a polyuretfaane cover 14 formed by RIM. 

Referring now to Fig. 2, a golf bail haviixg a core comprising a RIM 
polyurcdianc is shown. ^The golf ball 20 has a RIM polyurethane core 22, and a 
RIM polyuretfaane cover 24. 

Kefexiing to Fig. 3, a multi-layex golf ball 30 is shown with a solid core 
32 containing recycled RIM polyurethane, a mantle cover layer comprising RIM 
polyuretfaane^ and an outer cover layer comprising ionomer or enotfaer 
20 conventional golf ball cover materiaL NotHlimiting examples of multilayer 
golf balls axxx>niing to the invention with two cover layers include those with 
RIM polyuretfaane manties having a tiiicfcncss of 0.02 - 0.20 inches and a Shore 
D H^Trirte^gR of 20 - 80, covered with ionomecic or Qon-ionomeric thermoplastic, 
balata or other covers having a Shore D hardness of 20 - 80 and a thickness of 
25 0*025 - OJ20 inches. 

Referring next to Fig. 4, a process flow diagram for forming a RIM cover 
of polyurethane is shown. Isocyanate from bulk storage is fed tfarou^ line 80 
to an isocyanaic tank 100. The isocyanate is heated to the desired temporaturc, 
e.g. 100 - 120T, by circulating it through heat exchanger 82 via lines 84 and 
30 S6. ?olyoU polyamine, or another compouJid with an active hydrogen atom is 
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conveyed from bulk storage to a polyol tank 108 via line 88. The poiyol is 
heated to the desired temperature, e.g. 100 - 120^F, by circulating it throuah 
heat exchanger 90 via lines 92 and 94. Dry nitrogen gas is fed from nitrogen 
tank 96 to isocyanate tank 100 via line 97 and to polyol tank 108 via line 98. 
Isocyanate is fed from isocyanate tank 100 via line 102 through a metering 
cylinder or metering pump 104 into recircuiatioti mix head itilet line 106. 
Polyol is fed from polyol tank i08 via line 1 10 throng a metering cjlinder or 
metering pxanp 112 into a recircuianon mix head inlet line 114. The 
recirciilation mix head 116 receives isocyanate and poiyol, mixes them, and 
pro\ndcs for them to be fed through nozzle 118 into injection mold 120. The 
injection mold 120 has a top mold 122 and a bottom mold 124. Coolant flows 
through cooling lines 126 in the top mold 122 and lines 128 in the bottom mold 
124. The matcnais are kept under controlled temperature conditions to insure 
that the desired reaction profile is maintained. 

The polyol component typically contains additives, such as stabilizers* 
flow modificis, catalysts^ combxisdon modifiers, blowing agents, fillers, 
pigments, optical brighteners, and release agents to modify physical 
characteristics of the cover. Recycled polyurethane/polyurea also can be added 
to the core. Polyuretfaane/poiyurca constituent hxolecules that were derived 
0 from recycled polyurctfaane can be added in the poiyol component. 

Inside the mix head, injector nozzles impinge the isocyanate and polyol at 
uitra4ii^ velocity to provide cxceUent mixing. Additionai mixing inferably is 
conducted using an aftcrmixcr 130, ^ch typically is constructed inside the 
mold between die mix head ami the mold cavity. 
IS As is shown in Fig 5, the mold includes a golf ball cavity chamber 132 in 

which a spherical golf bail mold 1S4 with a dimpled, spherical mold cavity 136 
is positioned. The ajaennixer 130 can be a peanut afteimixer, as is shown in Fig 
5, or in some cases another suitable type, such as a heart, harp or dipper. An 
overflow channel 138 receives overflow material from the golf ball mold '134 
30 through a shallow vent 136. Cooling water passages 138. which preferably arc 
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m a parallel flow arrangement, carry cooling water through the top moid 122 
and the boaom mold 124. 

The mold cavity contains retractabie pins and is geuerally constnicred in 
the same manner as a mold cavity used to injection mold a thermoplastic, e.g., 
5 ionomeric golf ball cover. However, a few differences when RIM is used are 
mat tighter pin tolerances generaUy are required, a lower mold temperature is 
used, and a lower injection pressure is used, AJso, die molds can be produced 
fifom lower strength material such as aiuminum. 

The golf balls formed according to the present invention can be coated 
[0 using a conventional two-component spny coating or can be coated during the 
RDvf process, i-e,, using an in-mold coating process. 

One of the significant advantages of the HIM process according to the 
invention is that polyurethane or other cover material can be recycle J iuid used 
in golf ball cores. Recyding can be conducted by, e.g., glycolysis. T>'picaily, 
15 1 0 - 80% of the material winch is injection molded actually becomes pan of the 
cover- The remaining 20 - 90% is recycled. 

Recycling of polyurethanes by glycolysis is knosvu from, for example, 
RIM Part and Mold Design - Polyurethanes, 1995/Bayer Corp,, Pittsburg PA* 
Another significant advantage of the present invention is that because reaction 
20 injection molding occurs at low temperatures and pressures, i,e,, 120 - 180*'F 
and 100 - 200 psi, tiiis process is particularly beneficial when a cover is to be 
molded over a very softcore- When higgler pressures axe used for molding over 
soft cores, the cores "shut oflT i.c^ deform and impede the flow of material 
causing uneven distribution of cover material. 
IS One polyuretbane comp<ment which can be used in the present invention 

incorporates TMXDI (META) aliphatic isocyanate (Cytec Industries, West 
Paterson, NJ). Polyuixstfaanes based on meta^tettamethylxylylicae diisocyanate 
can provide improved gloss retention UV ligjit stabiHty, thermoi stability 
hydrolytic stabUity. Additionally, TMXDI (META) aliphatic isocyanafe has 
30 demonstrated favorable toxicological properties, Furtharmore. because it has a 
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low viscosin'. it is usable with a wider range of diols (to poiyurethanc) and 
diamines (lo polyureas). If TMXDI is used, it typically, but not necessarily, is 
added as a direct replacement for some or all of the other aliphatic isocyaaates 
in accordance with the suggestions of the supplier. Because of slow reacaviT>' 
5 of TMXDI, it may be useful or necessary to use catalysts to have practical 
demolding times- Hardness, tensile strength and elongadon can be adjusted by 
adding further materials in accordance with the supplier's instructions* 

Golf ball cores also can be marie using the materials and processes of the 
invention. To make a golf ball core using RIM polyurethane, the same 
10 processiag conditions are tised as are described above vmh respect to covers. 
One dififerencc is, of course, that no retractor pins are needed in the mold. 
Furthermore, an xmdimpled, smaller mold is used. If, however, a one piece ball 
is desired^ a dimpled mold would be used. Polyurethanes also can be used for 
cores. 

15 Golf balls typically have indicia and/or logos stamped or formed dierecm. 

Such indicia be applied by printing using a material or a source of energetic 
pardcles after the ball core and/oc cover have been reacdon-injectiQc-molded 
according to the present invention. Printed indicia can be formed form a 
material such as ink* foil (for use in foil transfer), etc. Indicia printed using a 
20 source of energetic particles or radiatxan can be applied by burning with a laser» 
burning with heat, directed electrons* or light, phototransfonnations ofc e.g., UV 
ink; impingement by particles; impingement by electromagnetic radiation etc* 
Furthermore, die indi<na can be applied in the same manner as an in-mold 
coating. i.e., by applying to the indicia to the surface of the mold prior to 
25 molding of the cover, 

- The poiyurethanc which issclccted for use as a golf ball cover preferably • 
has a Shore D hardness of 40 - 75, more preferably 40 - 60, and most preferably 
40 - 50 for a soft cover layer and 50 - 60 for a hard cover layer. ^ The 
poiyurethanc which is to be used for a cover layer preferably has a flex modulus 
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of 5 - 3 10 kpsi, more preferably 5-100 kpsi, and roost preferably 5 -20 kpsi for 
a soft cover layer and 30-40 kpsi for a hard cover layer. 

Non-iixoiting examples of suitable RJM systems for use in the present 
invention arc Baytlex<S> elastomeric polyurethane RJM systems, BayduK© GS 
5 solid poiyurethane RIM systems. Prism® solid polyurethane RIM systems, ail 
nrom Bayer Corp. (Pittsburgh, PA), SPECTRIM reaction moidable polyurethane 
and polyurea systems from Dow Chemical USA (Midland, MI)» including 
SPECTRJM MM 373-A (isocyanate) and 373-B (polyol), and Elastolit SR 
systems ficom BASF (Parsippany. NJ). Preferred RIM systems include 

10 Bayflcx® MP-10000 and Bayflex® 110-50, filled and unfilled- Further 
preferred examples are poiyols, polyamincs and isocyanatcs formed by 
processes for recycling poiyurcthancs and polyureas. Peroxides. . such as 
MEK-peroxidc and dicumyl peroxide can be used. Fxnthermore, catalysts or 
activators such as cobalt octoate 5% can be used. 

1 5 The following examples are included for purposes of illustration and are 

not intended to be limiting* 

Example i 

A polybixtadiene golf ball cote having a dxametcr of 1.545*', a PGA 
cocopression of about 65 and a coefficient of restitution of about 0,770 was 
20 obtained. A ^mp ii^rf cover having a thickness of 0,0675" was reactian injection 
molded over the core. The cover comprised Bayflcx MP 10000 resin (Bayer), 
The resulting ball had a PGA compression of 78. a COR of 0.720 and a Shore D 
cover hi»rA^^wyi of 39. The ball met standard durability tests and had an 
excellent scuff resistance rating of 1, It is e3q>ected that tiiis cover also has an 
25 excellent cut resistance rating. 

Example 2 (Prophetic)- - 
A goif ball core formed from high cis polybutadiene, zinc diacrylate^ 2anc 
oxidc« zinc steamte, and peroxide irdtiaxor is obtained. The core has a diameter 
of 1.49", 
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The core is covered with a 0.04" thick mantle layer of RIM polyiiretfaane 
which has a plaque Shore D hardness of 58, aameiy Bayflex® 1 10-50 unfilled 
(Bayer Corp.). The mantle layer is covered with a 0.055" thick dimpled ouier 
cover layer of lotck 8000^ 7510 and 7030, and a wiiitener package. The 
5 formulation and properries of the golf ball are shown below on Table 1. 

Example 3 (Prophetic) 
A golf ball cote formed firom fai^-cis poiybutadiene, zinc diacrylate, zinc 
oxide, zinc stearate and peroxide imitator is obtained. The core has a diameter 
of 1.49". 

10 The core 13 covered %vith a 0-040** thick mantle layer of RIM polyurethanc 

having a plajque Shore A hardness of about 90, namely Bayflcx<S> MP 10000 
unfilled (Bayer Corp*). The mantle layer is covered with a O.OSS'' thick dimpled 
outer cover layer of Ex 1006 and 1007 (Exxon Coip,) and lotek 7030 (Exxon 
Corp.). The formulations and properties of the golf bail are shown below in 

15 Table 1. 

Example 4 (Prophetic) 
A golf ball core formed from liigjh-cis polybutadiene, zinc diacryiate, zinc 
oxide, zinc stearate, and peroxide initiator is obtained* The core has a diameter 
ofl.49-. 

20 The core is covered with a 0*055" thick mantle layer of lotek 1002 and 

1003 (Exxon Corp.). The mantle layer is covered with a 0,04" thick dimpled 
outer cover layer of RIM Bayflex® MPIOOOO unfilled (B^er Corp.). The 
formulation and properties of the golf ball are shown below on Table 1 . 

Exanqile 5 (Prophedc) 

25 A golf ball core having a diameter of 1.42- is formed from an elastomeric 

unfilled RIM polyurcthaiic (Bay£lcx<S> MPIOOOO, Bayer Corp;). The core is 
covered widi a 0.08" thick injection-molded mantle layer of 50 parts by weight 
lotek 1002 and 50 parts by weight lotek 1003. The nxantle layer is covered with 
a 0.050*' thick injection-molded outer cover layer of Ex 1006, Ex 1007» lotek 
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The fonnuiation and properties of the goJf ball are sfaown 


TABLE 1 


Chemical Component 

Exjaxnple 2 

Example 

Example 

A 

Example 5 

Core Data 





Size 


1.49" 

1.49" 

1.42" 






Type 





Polybutadieae 

Y 

Y 

Y 


RIM Polyurethane 




Y 






Inner Cover Layer 





Size 

1.57« 

1.57" 

1.57" 

U8" 


3?g 


38g 


Thickness 

0.040** 

0.040" 

0.055" 

0.080" 

Hardness (Shore A ot D) 

S8I3 plaque 

90A plaque 

70D 

70D 

Composition (wt %) 





lotek 1002 



50 

SO 

lotek 1003 



50 

50 

Bayfiex 1 10-50 unfilled 

100 




BayflexMP lOOOO 


100 
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TABLE I 
CONTtrsrUED 


Outer Cover Layer 

Exam pie 2 

Example 
3 

4 

Example 5i 

Hardness (Shore A or D) 

57D 

64D 

90A plaque 

£4D 

Thickness 

0.055" 

0.055'^ 

0.040" 

0.050" 






BayfifixMP 10000 



100 


Exxon 1006 


46.4 


46.4 

Exxon 1007 


46.4 


. 46.4 

lotck 8000 

33.8% 




lotek 7510 

58.9% 




lotek 7030 

7.3 

7.2 


7.2 

Whitener Package 





Unitaixc 0-1 10 (phr) 

23 

2.3 

23 

2J5 

Eastobrite OBI (phr) 

0.025 

0.025 

0.025 

0.025 

Ultra Marine Blue (phr) 

0.004 

0.004 ' 

0.004 

0.004 






Final Bali I>ata 





Size 

1-68" 

1.68" 

1.68" 

1-68" 

Weight 

45,4g 

45.4g 

45.4g 

45.4g 

CORCX 1000) 

77O-780 

770-780 

770-780 

770-780 
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Defmitions 
Fillers 

In a particuiariy prelCTTed form of the inveadoEu at least one layer of the 
goif baii contains at least one pan by weight of a filler. Fillers preferably are 
5 used to adiust the density, flex modulus, mold release, and/or melt flow index of 
a layer. More preferably, at least when the filler is for adjustment of density or 
flex modulus of a layer, it is present in an amount of at least five parts by weight 
based upon 100 parts by weight of the layer composition. With some fillers, urs 
to about 200 parts by weight probably ^^n be used- 
1 0 A density adjusting filler according to the invention preferably is a filler 

which has a specific gravity which is at least 0.05 and more preferably at least 
0.1 higpbier or lower than the specific gravity- of the layer composition, 
Particuiariy preferred density adjusting fillers have specific gravities which are 
higher than the specific gravity of the resin composition by 0,2 or more, even 
15 more preferably by 2.0 or more. 

A flex modulus adjusting filler according to the invention is a fiiller which, 
when used in an amount of e*g. 1 - 100 parts by wei^ based upon 100 parts by 
weight of resin composition, will raise or lower die flex modulus (ASTM 
D-790) of the resin composition by at least 1% and {^fcrabiy at least 5% as 
20 compared to tiie flex modulus of the resin composition without the bxclusion of 
the flex moduhis adjusting fillet. 

A mold release ac^usting filler is a filler wlaidi allows for the easier 
removal of a part fit>m a mold, and eliminates or reduces tiie need for ^'-r t f ^t u aI 
release agents which otherwise could be applied to tihe mold. A mold release 
25 a<^usting filler typically is used in an amount of up to about 2 wd^t percent 
based upon the total weight.of the layer. - - - 

A melt flow index adjusting filler is a filler which increases or decreases 
the melt flow, or ease of processing of the composition. 

The layers may contain cotJ^Iing agents tiaat increase adhesion of 
30 materials within a particular layer e.g. to couple a filler to a resin cQmp>ositioii, 
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or bcrveen adjacent layers. Non-limiting exampies of coupling agents include 
ritanates^ rirconates and silancs. Coupling agents typically arc used in amounts 
of 0.1 - 2 wcj^t percent based upon the total weigfat of the composidon in 
which the coupling agent is included- 
5 A density adjtisting filler is used to control die moment of inertia, and thus 

Che initial spin rate of the ball and spin decay. The addition in one or more 
layers^ and paiticuiariy in the outer cover layer of a filler with a lower soecijfic 
gravity than the resin composidon results in a decrease in moment of inertia and 
a higher initial , spin rate than would result if no filler were used. The addition in 

10 one or more of the cover layers, and particularly in the outer cover layer of a 
filler with a higher specific gravity than the resin composition, results in an 
increase in moment of incrria and a lower initial spin rate. High specific sravity 
fillers are preferred as less volume is used to achieve the desired inner cover 
total weighs Nonrcinforcing fillers are also preferred as they have minimal 

15 effect on COR- Preferably, the filler does not cfaexnicaily react with the resin 
composition to a substantial degree, altlioug^ some reaction may occur when, 
for example, zinc oxide is txsed in a shell layer which contains some ionomer* 

The density-increasing fillers for use in the invention preferably have a 
specific gravity in the range of 1.0 - 20, The density^reducing fiOUers for use in 

20 the invention preferably have a specific gravity of 0.06 - 1.4, and more 
preferably 0.06 - 0.90. Th.e flej^ zuoduhis increasing fillers have a reinforcing or 
stiffening effect due to their moxphoiogy, their interaction with the resin, or 
their inherent physical properties. The flex modulus redticiag fillers have an 
opposite effect due to their relatively fiexible prc^>erties compared to rhe matrix 

25 resin. The melt flow index increasing fillers have a flow enhancing, eficect due 
to their relativeJy high melt flow versus the matrix. The melt flow index 
decreasing fillers have Qxx opposite eficect due to their relatively low melt flow 
index versus the matrix. 

Fillers which may be employed in layers other than the outer cover 'layer 

30 may be or arc typically in a finely divided form, for example, in a size generally 
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less than about 20 mesh, preferably less than about 100 mesh U.S. standard size, 
except for fibers and flock, which arc gcncraiJy ciongatedL Flock and iibcr sizes 
should be small enough to facilitate processing. Filler parcicle size will depend 
upon desired effect, cost, case of addition, and dusting considerations. The filler 
5 preferably is selected from the groiQ) consisting of precipitated hydrated sUica, 
clay, talc, asbestos, glass fibers, aianiid fibers, mica, calcium metasilicate. 
barium sulfate, zinc sulfide^ litiiopone, silicates, silicon carbide, diammaceous 
earth, polyvinyl chloride, caifeonates, metals, metal ailoys, tungsten carbide, 
metal oxides, metal stcaratcs, particulate carbonaceous materials, micro 
10 balloons, and combinations thereof* Non- limiting examples of suitable fillers, 
their densities, and their preferred uses are as follows: 


FBULER TABLE 


Fm«r Type 

Spec Grsv. 

Comments 

Precipitated hydrated silica 

2 

1.2 

Cteiy 

2,62 


Talc 

2.85 

1^ 1 


2-5 


Olass libers 

2^5 


Airamid fibers (KEVLAR®) 

1.44 

1.2 


2.8 


Oalcium metasliicate 

2.9 


3anuin suifate 

4.6 

10. 

Zinc sulfide 

4-1 

1.2 

Uthopone 

4J2 - 4.3 

1.2 

Silicates 

2.1 

1.2 

Silicon cartMde platelets 

3.18 

1.2 

SiljTOn carbide whiskers 

3.2 - 

1.2 

fTungsten cartHde 

15.6 

1 

□iatomaceous earth 

2-3 

lv2 

polyvinyl chloride 

1.41 

1,2 
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iL^arbonates 

f 



j Caicium carbonate 

2.71 

* 

Magnesium carbonate 

2.2 

1 7 

llMetais and Afiny^ (powders^ 



[j 1 itanrum 

4.51 


I Tungsten 

19.35 

" 

Aluminum 

2.7 


Bismuth 

9-78 


Nickel 

8.9 


Molytxienum 

10-2 


iron 

7,86 


Steel 

7.8 . 7.9 


Lead 

U.4 


Copper 

8.94 


Brass 

8,2 - 8,4 


Boron 

234- 


Boron carbide whiskers 


1 o 

Bronze 

8.70 - 8.74 


Cobalt 

8.92 


Beryilium 

1.84 


Zinc 

7.14 


Tin 

731 


\4etal Oxid^ 



Zinc oxide 

5^7 

lj> 

Iron oxide 

5,1 

l»2 

Aluminum oxide 

4 


Titanium oxide 

3.9-4.1 

U2 

Magnesium oxide 

33-3,5 


Ziroontum oxide 

S,73 1 0 
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Metal Stearates 




1.09 

3.4 

v^aiciurn stesrats 


3.4 


[1.23 

3,4 


Liinium siearaie 

1.01 

3,4 

(vioy nesiiirn SiScuale 

t e\-^ 

l.Oo 

3,4 1 

Particuiate carbonaceous materials 








v^rapnite 

1,5 - 1.8 

1,2 

Carbon black 

1*8 

1,2 

Natural bitumen 

L2 - 1.4 

1,2 

Cotton flock 

1.3 - 1.4 

i;2 

Cellulose flock 

1.15 • 1.5 

1,2 

Leather fiber 

1J2 - 1.4 

1,2 

Micro balloons 



Glass 

0:15 . 1.1 


Ceramic 

0.2 - 0.7 

1^ 

Fly ash 

0.6 - O.S 

i;2 1 

Couoirno Aoents Acff^esicn Prcmoters 



Titanates 

0.95 - 1.17 


Zirconates 

0.92- 1.11 


Siiane 

0.95 - 1.2 



COMMENTS: 

1 Particuiariy xiseful for adjusting density of the cover layer. 

2 Particularly useful for adjustbag flex modxilus of the cover layer. 
Particularly useful for adjusting mold release of the cover layer. 


.3 

4 


Particularly useful for increasing melt flow index of the cover layer. 


All fillers except for metal stearates would be expected to reduce the tnelt 
flow index of an injecticn molded cover layer. 

The amount of filler employed is primarily a ftnictioia of wci^t 
requirements and distribution. 
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Scuff Resistance 

Tne scuff resistance test was conducted in che following manner: a 
Top-Flite tour pitching wedge (1994) with box grooves was obtained and was 
mounted in a Miyamae driving machine. The club face was oriented for a 
5 square hit. The forv.'ard/backward tee position was adjiisted so that the tee was 
four inches behind the point in the downswing where the ciub was verticai. The 
height of the tee and the toc-hcei position of the club relative to the tee were 
adjusted in order that the center of the impact mark was about 3/4 of an inch 
above the sole and was centered to the heel across the face. The machine was 
10 operated at a clvb head speed of 125 feet per second. A Tnin-irri^Tra of three 
samples of each ball were tested. Each baO was hit three times. Aiter testing, 
the balls were rated according to the following table: 


Raring Tvue of T^rrmcp R 

1 Little or no damage (groove markings or dents) 

15 ^ Small cuts and/or ripples in cover 

3 Moderate amouxit of material lifted from bail surface, but still 
attached to ball 

4 Material removed ac barely attached 


The balls that were tested wwe primed and top coated- 


20 Cut Resistance 

Cut resistance was measured in accordance with the following procedure: 
A golf ball "sms fired at 135 feet per second against the leading edge of a 1994 
Tox)-FIite Tour pitching wedge, wherein die leading edge radius is 1/32 mch. the 
loft angle is 51 degrees, the sole radius is 2,5 inches, and the bounce angle is 7 

25 degrees. 

The cut resistance of the balls tested herein was evaluated on a scale of 1 - 
5* A 5 represents a cut that cTctexids completely through the cover to the core; a 
^ 4 represents a cut tiiat does not extend completely through the cover hm that 
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does break the surface: a 3 does not break the surface of the cover but do<is 
leave a pennaneni dent; a 2 leaves only a slight crease which is permanent but 
aoi as severe as 3; and a i represents virtually ao visible indentation or damage 
of any sort. 
5 Durability 

Durability is detennined by firing a golf ball at 135 ft/sec (at ll^F) into 
5-sided steel pentagonal container, the walls of which are steel plates. The 
container 10, which is shovm scfaematicaUy in Fig, 1, has a 19 1/2 inch long 
insert plate 12 mounted therein, the central portion 14 of which has horizontally 
1 0 extending square grooves on it which are intended to simuiate a square grooved 
face of a golf club. The grooves, which arc shown in an exaggerated form in 
Fig. 2. have a width 30 of 0.033 inches, a depth 32 of a 100 inches, and are 
spaced apart from one another by land areas 34 having a width of 0. 130 inches. 
The five walls 16 of the pentag«iai container each have a lojgtfa of 14 1/2 
15 inches. The inlet wall is vertical and the insett plate is mounted such fliat it 
inclines upward 30' relative to a horizontal plane away from opening 20 in 
container 10. The baU travels 15 1/2 - 15 3/4 inchep horizontally from its point 
of enoy into the container 10 until it hits the square-grooved central portion 14 
of insert plate 12. The angle between the line of trajectory of the ball and the 
20 insert plate 12 is 30-. The balls are subjected to 70 or more blows (firings) and 
are inspected at regular intervals for btealcage (i.e., any signs of cover aacking 
ordelamination). If a microcrackfenns in a ball, its speed will change and the 
operator is alerted. The operator then visually inspects the baU. If the 
microctack cannot yet be observed, the ball is returned to the test until a crack 
25 can be visually detected. 

^ '^^^K^ssiiped, a i:)urabiUty Rating accortto a 
sample of twelve baUs of the same type are obtained and are tested using the 
durability test apparatus described in the previous paragraph. If less than all of 
the balls in the sample survive 70 blows each without diking, the bail is 
30 assigned a Durability Rating of 1. If all of the faaUs survive 70 blows and one or 
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two of cweivc biUis crack before 100 blows, the bali is assigned a EXjxabiHty 
Rating of 2. If ail twelve balls in the sample suivive 100 blows each, but seven 
or more balls crack ai less than 200 blows each, che ball is assigned a Durability 
R^tijag of 3. u ail twelve balls in the sample survive 100 blows and at least six 
5 out of the twelve balls in the sample also survive 200 blows, the balls is 
assigned a Durability Rating of 4. 
Shore D Hardness 

As used faercin, ''Shcre D hardness" of a cover is measured generally in 
accordance with ASTTvl D-2240, except the measurements are made on the 

10 cur%^ed surface of a molded cover, rather than oa a plaque. Furthermore, the 
Shore D hardness of the cover is measured while the cover remains over the 
core* When a hardness measurement is made on a dimpled cover. Shore D 
hardness is measured at a land area of the dimpled cover. 
Coefficient of Restitution 

15 The resilience or coefficient of restitution (COR) of a golf ball is die 

constant "e,** which is the ratio of the relative velocity of an elastic sphere after 
direct impact to that before impacL As a result, the COR ("e") can vary from 0 
to 1, with 1 being equivalent to a perfectly or conqjletely elastic collision and 0 
being equivalexit to a perfectly or completely inelastic colIi$i<^ 

20 COR, along with additional fectors such as club head speed, club head 

mass, ball weight, ball si2se and density^ spin rale, angle of trajectory and surface 
configuraiion (i.c,, dimple pattern and area of dimple coverage) as well as 
environmental conditions (e*g, te mp erat u re, moisture, atmospheric pressure, 
wind, etc.) generally detennine the distance a ball will travel when hit. Along 

25 tliis line, the distance a golf ball will travel under controlled cnviroimiental 
conditioixs is a function of the speed and mass of the club and size, density and 
resilience (COR) of the ball and other factors. The initial velocity of the club, 
the mass of the club and the angle of the ball*s d^arture are essentially provided 
by the golfer upon strildng. Since club head, club head the angle of 

30 trajectory and eavironmentai conditions arc not determinants controllable by 
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CSC 

or 


golf bail producers and the ball size and weight arc set by the U.S.G.A.. ± 
are noi factors of concern among golf ball manufecrurers. The factors 
determinants of interest with respect to improved distance are generaiiy the 
coefficient of restitution (COR) and the surface coniiguratioa (dimple pattern, 
5 ratio of land area to dimple area, etc.) of the ball. 

The COR in solid core balls is a function of the composition of the 
molded core and of the cover. The molded core and/or cover may be comprised 
of one or more layers such as in multi-layered balls. In balls containing a 
wound core (i.e., bails comprising a liquid or solid center, elastic windings, and 
10 a cover), the cocmcient of restitution is a function of not only the composition 
of the center and cofver, but also the composition and tension of the elastomcric 
^^^ndings. As in the solid core balls, the center and cover of a wound core ball 
may also consist of one or more layers. 

The coefficient of resrimtion is the rado of the outgoing velocity to the 
15 incoming velocity. In the examples of this plication, the coefficient of 
restitution of a golf ball was measured by propellhig a ball horizontally at a 
speed of 125^ 5 feet per second , (^s) and corrected to 125 fps against a 
generally vertical, hard, flat steel plate and measuring the ball's incoming and 
outgoing velocity electronically. Speeds were measured with a pair of Oehlcr 
20 Marie 55 ballistic screens available from Oehler Research^ Inc., P.O. Box 9135, 
Austin, Texas 78766, Tvhich provide a timing pulse when an object passes 
throu^ tfaenu The screens were separated by 36" and are located 25.25" and 
61.25** from the rebound wall. The ball speed was measured by timing the 
pulses from screen 1 to screen 2 on the way into the rebound wall (as the 
25 average speed of the ball over 36-), and dien the exit speed was timed from 
screen 2 to screen I over the saxne distance. The rebound wall wiis tilted 2' 
degrees from a vertical plane to allow the ball to rebound sUghtly downward in 
order to miss the edge of the cannon that fired it. The rebound wall is solid s^cel 
2.0 inches thick. 
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As indicaisd above, xhc incoming speed should be 125 ±5 fos but 
corrected to 125 fps. Hac correlation between COR and forward or incommg 
speed has been snidied and a correction has been made over the ±5 fos range so 
that the COR is reported as if the baU had an incoming speed of exactly 125.0 
s ips. 

The coefficient of restitution mxist be carcfuUy controUcd in aii 
commercial goL- baUs if the ban is to be within the specifications reguiared by 
Che United States Golf Association (U,S.G.A.y As mentioned to some degree 
above, die U.S,G^ standards indicate that a "regtilation" ball cannot have an 

10 inidal velocity exceeding 255 feet per second in an atmo$pfaere of 75 F. when 
tested on a machine. Since the coe£5cient of restitution of a bail is 

related to the bail's initial velocity, it is highly desirable to produce a ball having 
sufBcicntiy high coefficient of restitution to closely ^jproach the U,S.G.A. limit 
on initial velocity, while having an ample degree of softness (i.e^ hardness) to 

1 5 produce enhanced playafaiiity (i.e., ^in, etc.)- 
Conipression 

PGA compression is another important property involved in the 
performance of a golf ball. The c o mpr e s sion of the ball can affect the 
piayabiHty of &e ball on strikmg and the sound or "click" produced. Similarly, 

20 compression can effect the "feei" of the ball (i,e., hard or soft responsive feel), 
particularly in chipping and putting 

Moreover, while compression itself has little bearing on the distance 
performance of a ball, compression can a£Eect the playability of the ball on 
striking. The degree of compression of a ball against the club face and the 

25 softness of the cover strongly inflxiences the resultant spin rate. TypicaUy, a 
softer cover will produce a higher ^in rate than a harder cover. Additionally, a 
harder core will produce a higher ^in rate than a softer core. This is because at 
impact a hard core serves to compress the cover of the ball agai'n^ the face of 
the club to a much grearer degree than a soft core diereby resulting ia more 

30 "grab" of the bail on the clubfecc and subsequent higher spin rates. In effect the 
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cover is squeezec between the relarively incompressible core and clubhcad. 
When a softer core used, the cover is under much less compressive stress than 
vvhcn a harder core is" used and therefore does not contact the clubface as 
intimately. This results in. lower spin rates. 
5 The rerm "compression" utilized in the goif ball trads generally defines 

the overall deflection diat a golf bail undergoes when subjected to a compressive 
load- For example, PGA compression indicates the amount of change in golf 
baU's shape upon stnldng. The development of solid core technology in 
two-piece baUs has allowed for mu<A more precise control of compression in 
0 comparison to thread wound threc-piccc baUs. This is because in the 
manufacture of soUd core faaUs, the amount of deflection or deformation is 
precisely controlled by the chcmicaJ formula used in making the cores. This 
differs fixjm wound three-piece balls wherein compression is controlled in pan 
by the winding process of the elastic thread. Thus, two-piece and multilayer 
.5 solid core balls exhibit much more consistent compression readings than balls 
having wound cores such as tixe thread wound tixree-ptece balls. 

In the past, PGA compression related to a scale of from 0 to 200 given to 
a golf ball. The lower the PGA compresaioa value! the softer die fe^ of the ball 
upon striking. In practice, tournament quaHty balls have compression ratings 
0 aroimd 70 - 1 10, preferably aromid 80 to 100. 

In determining PGA cotnptessioa usiiis tiie 0 - 200 scale, a standard force 
isappUedtotheortemalsmfeceofthebalL A baH wiridi exhibits no deflection 
(0.0 mchea ia deflection) is rated 200 and a ball which deflects 2/lOth of an inch 
(0.2 inches) is rated 0, Evacy change of .001 of an mch in deflection represents 
5 a I point drop m compression. Consequently, a baU whic* deflects 0.1 inehcs 
(100 K ,001 inches) has a PGA compressifjn value of 100 (i.e., 2j30 - lOO) and a- 
ball whicdi deflects 0-110 inches (110 x .001 inches) has a PG.A. compression of 
90Ci.e., 20O- 110). 

In order to assist in the determination of compression, several devices 
1) have been employed by the industry. For example, PGA compression is 
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determined by an apparatus fashioned in the form of a smail press with an upper 
and lower anvil. Theupper anvi! is at rest against a lOO-pound die sprmg, and 
±e lower anv-.j is movable through 0.300 inches by means of a crank 
mechanism. In its open position the gap between the anvils is 1.780 inches 
5 ailoxving a clearance of 0.100 inches for inscttioa of the ball. As the lower anvil 
is raised by the craak. it compresses the ball against the t^per anvil, such 
compression occurring during the last 0.200 inches of stroke of the lower anvil, 
the ball then loading die upper anvil which m turn loads the spring. The 
equiiibrium pom: of the x^per anvU is measured by a dial micrometer if the 
10 anvil is deflected by the ball more than O-lOO inches (less deflection is simply 
regarded as zero compression) and the reading on die micrometer dial b referred 
to as the compression of the ball. In practice, tournament quality balls have 
compression ratings around SO to 100 ^ch means diat die upper anvil v^-as 
deflected a total of 0. 120 to 0. 1 00 inches. 
15 An example to determine PGA compression can be shown by utilizing a 

golf ball compression tester produced by Atti Engineering Coiporation of 
Newark, NJT. The value obtained by this tester relates to an arbitrary value 
expressed by a number wfaich may range from 0 tor 100, althou^ a value of 200 
can be measured as indicated fay two revohafions of the dial indicator on the 
20 apparatus. The value obtained defines the deflection fliat a golf ball undersoes 
when subjected to conqiressive loading- The Atti test apparanis consists of a 
lower movable platform and an Tapper movable spring-loaded anvil. The dial 
indicator is mounted such tibat it measures the upward movement of the 
springloadcd anvil. The golf baU to be tested is placed in die lower platform. 
25 which is then raised a fixed distance. The upper portioa of the golf ball comes 
in contact with and exerts a pressure on the springloaded anvil. Depending 
upon the distance of -the golf ball to be' compressed," the xipper anvil is forced 
up \vard against the spring. 

Alternative devices have also been employed to determine compressifen. 
30 For example. Applicant also utilizes a modified Richie Compression Machine 
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originally produced by Richie Bros. Tcsmig Machine Conjpany, Phi!., PA to 
evaiuatc compression of the various components (i.e., cores, mantle cover bails, 
nnisoed balls, etc) of the golf balls. The Riehlc compression device determines 
deforaianon in thousandths of an inch under a fixed initialized load of 200 
5 pounds. Using such a device, a Richie compression of 61 corresponds to a 
detlecdon xinder load of 0.061 inches. 

Additionally, an approximate relationship between Riehie compression 
and PGA compression exists for balls of the same size. It has been determined 
by Applicant that Ri^e compression corresponds to PGA compression by the 
10 general formula PGA compression - 160 - Riehie compression. Consequently, 
80 Riehie compression corresponds to 80 PGA compression, 70 Riehie 
compression corresponds to 90 PGA compression, and 60 Riehie compression 
corresponds to 100 PGA compression. For reporting purposes. Applicant's 
compression values arc usually measured as Riehie compression and converted 
1 3 to PGA compression. 

Furthermore, additionai conqjrcssion devices may also be utilized to 
monitor golf ball compression so long as the correlation to PGA compression is 
know. These devices have been designed, such as 'a Whitney Tester, to correlate 
or correspond to PGA compression through a set relationship or formula. 

20 
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what is claimed 13; 

1 - A process of making ^ mulu-piece golf ball compri.xng raukmg at least 
C3e of a cov<n- component and a core component of the ball by mLxing r;v,o or 
r^ore neactant. that react and form a reacriou product -^th a flex modul^us of 5 
5 510 kpsi m a reacdon time of about 5 minutes or less, the component ha^^g a 
th:cfcness of at least O.OI inches and a demold time of 10 tninures or le«. 

2. A process according to claim 1, wherein the reaction product 
comprises at least one member selected from the grot^ consisting of 
poiyurethanes, polyureas, epoxies and unsanirated polyesters, 
10 3. A process according to claim 1, wherein the reaction prx>cess comprises 

reaction injection molding, 

4. A process according to claim I. wherein the reaction product 
comprises at least one member selected from the group consisting of 
polyuredianc and polyurea. 
15 S. A process according to claim 4, wherein the reaction product with a 

nex modulus of 5 - 300 kpsi is formed in a reaction dme of about 3 minutes or 
less, 

6. A process according to claim 4. wherein the cpmr^onent has a thickness 
of at least 0.02 inches. 

20 7. A process according to claim 4, wherein the component includes a 

cover component. 

8. A process accordiag to claim 7, wherein the cover component is a 
dimpied cover layer and the cover component has a thickness of at least 0.02 
inches. 

25 9, A process according to claim 7, wherein the cover component has a 

hardness of 20 - 95 Shoi« D. 

10. A process according to claim 7. wherein the covor component has a 
hardness of 30 - 75 Shore D. 

1 1. A process according to claim I, wherein the component includes' a 

30 core cocaponciit. 
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12. A process accordi.ag to claim 2, further deluding the crep of rccvciin^ 
at least a portion of the reaction product. 

13. A process according to claim 12, ^.•hcrein the reaction oroduct is 
rec>'cled by glycolysis. 

14. A muJd-piccc golf ball comprising a reaction injecdoa molded 
material comprising polyurethane/polyurea. 

15. A golf ball according to claim 14. wherein the reaction injection 
molded material comprising polyuretfaane/poiyutea includes at least one of ctfaer 
fimciionai groups and ester functional groups. 

16. A golf ball according to claim 14. wfeeiein at least 5% of the 
polyurethane/polyurea is formed fix>m molecules obtained by recycling a 
material comprising one of polyunsfeane, polyurea, polyester, and polyethylene 
glycol. 

17. A golf ball according to claim 14. wherein recycling takes nlace by 
15 glycolysis. 

18. A golf bail according to claim 14. wherein the ball has a core and a 
cover and at least the cover con^ses reaction injection molded 
polyurcthanc/^Iyurea materiaL 

19. A golf ban according to claim 18. wherein the baH includes an 
20 exterior coating smzoundisg the cover. 

20. A golf ball according to claim 18, wherein the core is soUd. 
multi-layer, wound, Uquid fiUcd, metal filled and/or foamed. 

21. A golf ball according to claim 18, wherein flie cover has a flex 
modules of 5 - 310 kpsi. 

25 22. A golf ball according to claim 18, wherein the cover has a flex 

modulus of 5 - 100 kpsL 

23. A golf ball according to claim 18, wherein &e exterior coating is 
applied over the cover after moldmg of the cover. 

24. A golf ball according to claim 18, wherein the hardness of the cover' is 
30 20 -95 Shore D. 
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-3. A golr ball according to claim 1 8, wherein the hardness of me cover 
30- 75 Shore D. 

26. A golf ball according to claim 25. wherein the flexurai niodulus of rhe 
cover is in the range 5 to 100 kpsi. 

27. A golf bail according to claim 18, wherein the flo.ui^ ^lod-Iu^ of the 
cover is higher than that of the core. 


cover. 


28. A golf ball accordias to claim IS. wherein the ball has a multi-layer 


29. A golf ball acconiing to claim 18, wherein the cover comprises a 
10 reaction wj^oa molded mattrial comprising polyurcthane and further 

comprises at lea^t one member sdcxtcd from the group conristittg of optical 
brigfatencr. pigment, dye, antioxidant, and UV Ught stabilizer. 

30. A golf ban according to claim 18. wherein the cover further comprises 
afiUer. 

15 3 1. A golf ball according to claim 30. Therein the filler includes at iea« 

one member sele«ed &om the gro.^ consisting of glass, metal, minerals, 
oxides, sulfides, titanates, polymeric resins and ceramics. 

32. A golf ball according to claim 14. wherrin the baU has a core and a 
cover, and at least the core comprises a reaction injection molded 

20 P<>'y«retnane/poIynrea material, 

33. A golf ball according to claim 30, wherein the core conqaiscs at least 
two components and at least one core component cosqnises nactioa u«cgtion 
molded polyurctfaanc/polyurea material. 

34. A golf ball accordmg to claim 14, whensin die baU has a core, and a 
25 cover, each of which comprises reaction ti^^ection molded 

polyuretiiane/polyurca material. 

35; A golf ball accordmg to claim 30, wherein the cover comprises an 
ionomer. 

36. A golf ball according to claim 14. wherein die polyurelfaane/poiyuiiea 
, 30 material incorporates tneta-tetramethyixylylene diisocyanate. 
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-■ A 8„,:-b^, „ ^^^^ ^^^^ 

"mmrm =ca=,=cr,cy both ar *<= scam and a.c pol«. " 
38. A p,oc«. fo. pr«iuci.g . golf ball including 4= s.^ (,) 

3 .aver and a cover iayer of the ball. 

recycle, a: of the poi,^«,«,po,^ ,^ ^ ^ J 

conaccuon wi^ step (a) buz which is not incorporated into the ball durin. that 


Step 

10 


40. A process for producing a golfbaUcoinprising (a) fonmng a core (b) 
covenng the core, and (c> coadng and adding indicia to the cover«l 

at Ie3^ one of steps (a) and (b) conxprises reaction injection znolding of 
a polyuretbane/polyurea material. 

41. A process according to claim 38, furtL^ comprising the steo of (d) 
15 recycling at least 20% of RIM-produccd material comprising poiyurethane 

that prodxiced consequent to st^ (a). 

42. A golf ban comprising at least one fest-chemical-reaction-produced 
layer, said layer having a flex moduhis of 5 - 310'kpsi in a reaction time of 5 

or less and a thickness of at least 0.01". 

20 43. A golfball according to claim 42, wherein said bail has a multi-layer 

cover and said at least one fest-^emical-reaction-produccd layer is an Inner 
cover layer. 

44. A golf ball having a core and a cover, the cover comprising 
polyuretfaane/polyurca which is fonned fiom reactants, 5 - 100 wei^ .petceat 
25 of^ch are obtained from recydedpolyurethane/polyurcau 
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